This study sought to establish an in vitro lactating BMEC (bovine mammary epithelial cell) model, which may maintain the native function for a period of time. Mammary tissues of midlactation Holstein dairy cows were dispersed and cultured in a medium containing insulin, prolactin, hydrocortisone, transferrin, epidermal growth factor and fetal calf serum. After the cells migrating from the tissue reached ,80% of confluency, the tissues were removed, and secretory epithelial cells were enriched by digesting with 0.25% trypsin repeatedly to remove fibroblasts. The BMEC cells plated on plastic dishes displayed a monolayer, cobblestone, epithelial-like morphology and formed alveoli-like structures and island monolayer aggregates which are the typical characteristics of the mammary epithelial cells. The isolated cells were identified as of epithelial origin by staining with antibody against cytokeratin 18. A one-half logarithmically growth curve and abundant microvilli and cytoplasmic lipid droplets were observed in these cells. The transcription of the a s1 casein gene and synthesis of a s caseins were also detected in the model. Thus, our lactating BMEC model can be an effective model in vitro for studies of milk synthesis in the bovine mammary gland.
Introduction
A lactating BMEC (bovine mammary epithelial cells) model is useful for studies of species-specific milk synthesis in bovine mammary gland. However, many studies on milk synthesis of bovine mammary glands are limited to those using primary culture, mainly explant culture (Sheehy et al., 2004; Wu et al., 2004; Accorsi et al., 2005) and primary cell culture (Liu et al., 2007; Stiening et al., 2008) . Primary culture preserved the physiological, metabolic characters and milk-related synthesis and secretion similar to mammary gland in vivo. However, explants and primary cells can only maintain original characters for limited period in vitro (Matitashvili et al., 1997) , and primary BMEC are often heterogeneous and deficient in detailed information on their morphology.
Besides primary culture, there exist some immortalized BMEC lines (Huynh et al., 1991; Zavizion et al., 1996; German and Barash, 2002) . MAC-T is a widely used cell line maintaining the function of milk protein synthesis (Huynh et al., 1991) , but the expression of milk protein is not stable (Zavizion et al., 1996) . The cell line BME-UV1 is mainly used to study IGF-1 (insulin-like growth factor 1) and EGF (epidermal growth factor) metabolism, mammary physiology and toxic metabolism (Zavizion et al., 1996; Sobolewska et al., 2009; Caruso et al., 2009) . Furthermore, both MAC-T and BME-UV1 are obtained by transfection with the SV40 large T antigen, and their characters may have been affected or altered compared with the native BMEC. Another BMEC line L-1 may only synthesize a spot of b-lactoglobulin when cultured on Matrigel, but the synthesis of casein, the predominant milk protein, has not been reported (German and Barash, 2002) . In addition, the preservation of milk fat synthesis is not mentioned in these cell lines.
It seems, therefore, that existing in vitro approaches are not effective for the investigation of milk synthesis. The aim of this study was to establish a lactating BMEC model maintaining a relatively expanded lifespan and original function to facilitate the study of milk synthesis.
Materials and methods

Preparation and culture of cells
Parenchymal tissues picked from the mammary tissues of a midlactation Holstein dairy cow were cut into 1 mm 3 pieces and incubated at 37˚C in a humidified atmosphere containing 5% CO 2 . After the cells migrating from tissues covered 80% of the bottom, the tissues were removed. Epithelial cells and fibroblasts were separated according to their different sensitivity to trypsin using 0.25% trypsin and 0.15% trypsin plus 0.02% EDTA. The dispersed cells were seeded on plastic dishes (Corning) in DMEM (Dulbecco's modified Eagle's medium)-F12 medium (Gibco). Basal medium was replenished with 5 mg/ml transferrin, 5 mg/ml insulin, 5 mg/ml prolactin, 1 mg/ ml hydrocortisone (Sigma), 10 ng/ml EGF, 1% glutamine, 1% penicillin, 1% streptomycin and 10% FCS (fetal calf serum) (Sangon).
Immunocytochemistry assay of cytokeratin 18
The cells were fixed with methanol/acetone (1:1) and treated with 3% H 2 O 2 to quench endogenous peroxides, and blocked with PBS containing 10% FCS. Then, the cells were incubated overnight at 4˚C with mouse anti-cytokeratin 18 antibody (Boster Co.), a biochemical marker of epithelial cells. The primary antibody of the negative control was replaced with PBS. The secondary antibody was biotin-goat anti-mouse IgG. The staining was visualized with an SABC kit (Boster Co.). Cytoplasms that were blue to black were considered as positive cells.
Assay of cell growth
An MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, Sigma] assay with modification was used to evaluate growth properties of cells at passage 10 (Ip et al., 1992) . Briefly, 2610 4 cells/well were seeded in a 6.4-mm plate. At stated time points, the cells were incubated with medium containing 0.5 mg/ml of MTT at 37˚C for 4 h. The absorbance of the solubilized crystals was detected by microplate reader (Tecan Sunrise) at 570 nm, and the absorbance was directly proportional to viable cell numbers. A standard curve was set up with BMEC for the experiment.
Detection of milk fat droplet by TEM (transmission electron microscopy) and Oil Red O staining
The BMEC were fixed with glutaraldehyde for 12 h. Then the samples were rinsed with the same phosphate buffer and postfixed with osmium tetroxide for 2 h. After dehydrating through a series of graded alcohols and infiltrated in Spurr resin, ultrathin sections were performed with an ultra microtome (Ultracut E, Reichert-Jung 
Results
Cell morphology
Dissociative fibroblasts migrated from the tissues after 2-3 days incubation ( Figure 1A) , and in the following 1-2 days, netlike epithelial cells grew out of the tissues ( Figure 1B ). The tissues could keep growing on plastic dishes for 3 weeks, and then the cells migrating from the tissue formed a confluent monolayer ( Figure 1C ). After about three to four passages of separation and culture, the epithelial cells were almost pure. Under the chosen culture conditions and seeding density, the purified cells kept growing and formed confluent monolayer after 5-7 days. The BMEC at different passages all showed a flattened morphology and looked like a beehive ( Figures 1D, 1E and 1F). The purified cells also formed alveoli-like structures and island monolayer aggregates ( Figures 1G and 1H ).
Immunocytochemistry and growth characters
The BMEC and fibroblasts were immunonegative in the negative control ( Figure 2A ). For cytokeratin 18, the BMEC were immunopositive, and fibroblasts were immunonegative ( Figure 2B ). The growth pattern of BMEC were plotted one-half logarithmically (Figure 3) , and the population doubling time was estimated in the log phase of growth between days 2 and 4. Complete confluence is reached after 5 days, and contact inhibition was observed, indicating a typical growth pattern of normal mammalian cells.
Ultrastructure, milk fat droplet and casein gene expression
As shown in Figure 4 , microvilli of BMEC at passage 10 were complete and in a large population ( Figure 4A ). Besides, secretory vesicles and lipid droplets were observed and aggregated in the apical membrane of the cells (Figures 4B and 4C ). The Oil Red O staining results demonstrated the existence of milk fat droplets in the cells ( Figure 4D ). The mRNA fragment of a s1 casein was amplified ( Figure 5A ), and the derived PCR products were sequenced with 100% homology with the published sequences of bovine a s1 casein. Western blotting analysis showed that the synthesized protein had similar molecular mass to the predominant proteins a s1 (31 kDa) in ruminant's milk protein, and immunoreactions of the proteins with bovine casein antibodies demonstrated that the proteins were a s casein ( Figure 5B ).
Discussion
In this study, we described the establishment and characterization of a lactating BMEC model. The explants culture of lactating bovine mammary tissue yielded a sufficient number of BMEC. The low contamination of fibroblasts in the epithelial cells was eliminated by digesting with trypsin for three to four passages according to their different sensitivities to trypsin. Under chosen culture condition, the cells displayed a cobblestone morphology that is typical of epithelial cells, and the morphological characters were retained without any changes when the cells grew for over 12 passages. Furthermore, the cells showed positive staining to cytokeratin 18, providing a direct evidence of the epithelial nature Figure 2 Immunocytochemical analysis of bovine mammary cells First antibody (anti-cytokeratin 18) replaced by PBS was a negative control, and epithelial cells and fibroblasts were all immunonegative (A). BMEC were immunopositive for anti-cytokeratin 18, and fibroblasts were immunonegative (B). Rindicated epithelial cell, indicated fibroblast. Bars represent 10 mm.
Figure 3
Growth pattern of BMEC at passage 10 Cells were seeded at density of 2610 4 cells/well in a 6.4-mm plate. At the stated time points, the cell number from six wells was determined using the MTT assay. The results were plotted one-half logarithmically, and the population doubling time was estimated in the log phase of growth days 2 and 4. Complete confluence is reached after 5 days, and contact inhibition was observed. (Ilan et al., 1998) . The epithelial nature of the cells was also supported by their ability to form highly developed alveoli-like structures which is the basic in vivo structure of mammary gland (Sun et al., 2006) . Besides morphological characters, the proliferation of the cells was detected by MTT assay, and the cells showed rapid cell proliferation. The growth pattern of BMEC was plotted one-half logarithmically and exhibited obvious contact-mediated differentiation on postconfluent cultures.
A successful BMEC model for study of milk synthesis not only means the maintenance of morphological and immunological features and growth properties, but also includes preservation of the relatively original function for milk synthesis. The lipid droplets often seen in primary culture of MEC are symbols of the function for milk fat synthesis (Hansen et al., 1986) . The results obtained by TEM showed that lipid droplets and secretory vesicles existed in the cells, and all aggregated at the apical membrane. The Oil Red O staining results confirmed the existence of milk fat droplets in the BMEC. Besides milk fat, milk protein is another important sign for determination of the original function. Casein is specifically produced in MEC, and a s1 is the most abundant type of casein (Whitney et al., 1976) . Both expression of the a s1 casein gene and synthesis of a casein were detected in cells at passage 10, indicating the preservation of the function for milk protein synthesis.
In summary, this study established a lactating BMEC model retaining the original function of milk synthesis for relatively long periods of at least ten passages. The model is well characterized morphologically and biochemically and easily maintained in vitro; therefore, it may be used for the study of milk synthesis in bovine mammary gland.
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